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INTRODUCTION
COPD is a chronic respiratory disease associated with an abnormal inflammatory response of the lungs to noxious particles of gases (mainly cigarette smoke). This leads to chronic bronchitis-bronchiolitis (small airway disease) and/or emphysema that cause an airflow limitation that is not totally reversible [1] . COPD is the fifth leading cause of death worldwide, accounting for more than 2.5 millions deaths every year (WHO world health report 2002). Most of the morbidity associated with this disease is related to episodes of acute deterioration in health that are called exacerbations [2] and are characterized by shortness of breath, cough, increased sputum volume and purulence and other non specific symptoms such as fatigue and malaise. COPD patients experience an average of 2.5 exacerbations per year and its frequency increases with the severity of the disease [3, 4] . Strategies to reduce exacerbations are required because there is a correlation between a faster decline in FEV1 (Forced Expiratory Volume in the first second) and the frequency of exacerbations [5] .
Several causative agents have been associated with COPD exacerbations including bacteria, pollutants and respiratory viruses such as RSV and the influenza virus [6] .
Nichol and colleagues concluded in 1999 that hospitalization rate in patients who were not vaccinated with influenza was twice the rate in those who were vaccinated [7] . In addition, influenza vaccination was associated with a lower risk of death [7] . The mechanisms used by respiratory viruses to cause exacerbations remain under investigation. Some studies support the role of Reactive Oxygen Intermediates (ROIs) as mediators of virus induced epithelial damage in influenza infected mice [8] . The source of these oxidants may be leukocytes, xanthine oxidase, which is increased in influenza-M a n u s c r i p t 4 infected lungs [8] , or lung epithelial cells themselves [9, 10] . Oxidative stress is one of the components of the pathophysiology of COPD [11] . There are more reactive oxygen species in COPD patients than in healthy people, probably due to alterations in some enzymes including glutathione-S-transferase [12] , catalase [13] , and superoxide dismutase [14] . ROIs are necessary for virus infection and are involved in the inflammatory response of host cells, induced by respiratory viruses. For example, RSV increases catalase, glutathione S-transferase and glutathione peroxidase activity [15] leading to an increase in ROS generation that is responsible for the induction of different inflammatory mediators like TNF-alpha or IL8 [16] . An oxidative environment is necessary for influenza replication to [17] . Elevation of mitochondrial superoxide increases susceptibility to influenza infection in mice [18] and in A549 [19] . ROS induction after influenza infection increases the expression of pro-inflammatory molecules like IL8, IL6, CCL5 or CXCL10 [20] . These effects have been associated with the activation of NF-Sputum volume and virulence are one of the main symptoms related to exacerbations [2] .
MUC5AC is the predominant mucin gene expressed in healthy human airways and its expression is augmented in asthmatic and COPD patients [21, 22] . Rhinovirus, one of the main viruses involved in asthma and COPD exacerbations, induces MUC5AC expression in A549 cells [23] as RSV and influenza viruses do [24, 25] . NFphosphorylation have been associated with the increase of MUC5AC expression in both human bronchial tissue and A549 [26] . N-acetyl-cysteine (NAC) is a thiol compound that acts directly as a free radical scavenger and as a precursor of reduced glutathione (GSH) [27] . This molecule reduces the number Page 5 of 33 A c c e p t e d M a n u s c r i p t 5 and impact of COPD exacerbations [28] and also the inflammatory response in epithelial cells exposed to H5N1 influenza A virus [20] . Although anti-mucolitic effects of NAC are well established, little is known about its effects on the MUC5AC expression in virus models of infection.
In this study, we investigate the effects of NAC on virus replication, MUC5AC production and pro-inflammatory cytokine expression in an in vitro model developed in A549 alveolar type II cells infected with influenza (strains A and B) and Respiratory Syncytial Virus. We analyze the infection effects on the intracellular thiols levels and H 2 O 2 generation and the modulatory effect of NAC on these parameters. Finally we will explore the role of NFinjury.
MATERIALS AND METHODS

Cell model and experimental groups
Human pulmonary epithelial cell line A549 derived from lung alveolar carcinoma and representative of human epithelial cell line [29] was purchased from ATCC (American 
Preparation of virus
Influenza virus strain A/ Port Chlamers/1/72 (H3N2) (ATCC VR 810) and strain B/Hong Kong/5/72 were grown in Madin-Darby canine kidney cells in DMEM and semi purified by two cycles of differential centrifugation from the infected culture supernatants. RSV (long Strain, ATCC VR-26) was propagated in Hep-2 cells and purified by centrifugation at 65000 x g for 2 h at 4ºC in 50% sucrose-PBS. Virus stocks were stored at -80ºC. The viral content of this virus stock was determined by immunofluorescence assay (Millipore, Billerica, MA, USA), by counting fluorescent cells after inoculation of a shell vial (by six duplicates) and 4 days of incubation. All viruses and cells were obtained from the (American Type Culture Collection; Rockville, MD, USA).
Viruses' titres were determined as 50% tissue culture infection dose (TCID50/ml) in confluent cells in 96-well culture plates (Sarstdet, Inc. Newton, NC USA).
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Determination of MUC5AC, TNF-alpha, IL8 and IL6 mRNA
Mucin MUC5AC mRNA transcripts were measured by real-time RT-PCR as previously reported [24] . Total RNA was isolated with TriZol Reagent (Invitrogen Ltd., Paisley, UK) following manufacturer's instructions. Integrity was measured by a 2100 bioanalyzer (Agilent Technologies Inc., Santa Clara, CA, US). Only extractions with an integrity ratio (28S/18S) near 2.0 were considered. Two hundred nanograms of total RNA were cDNA transcribed using TaqMan RT reagents (Applied Biosystems, Foster City, CA, US), as indicated by the manufacturer. GAPDH was used as an internal control.
Primers and probes for both MUC5AC and GAPDH were designed using Primer Express software, as previously reported [26] . For TNF-alpha IL8, and IL6 determination, assays method was used to obtain semi-comparative data.
Determination of TNF-alpha, IL8 and IL6 protein in supernatants.
48 hours after infection, 50 µL of culture supernatants were collected and analyzed for TNF-alpha, IL8 and IL6 release using a multiplex cytometer based method (Luminex DX100, Luminex Corp., Austin TX, US). Panels and specific bead conjugated antibodies were purchased from R&D (R&D Systems Inc., Mineapolis, MN, US), and determinations were carried out following manufacturer instructions. M a n u s c r i p t 8 
Determination of MUC5AC protein
MUC5AC protein measurement by ELISA was carried out as previously outlined [30] . were carried out without tissue protein or in the absence of primary antibody (data not shown).
Determination of intracellular H 2 O 2 concentration
Intracellular levels of H 2 O 2 were determined using the Amplex Red Reagent (Invitrogen Ltd., Paisley, UK) as previously described [32] . Cells were grown in 12 well culture plates (Sarstdet, Inc. Newton, NC USA) supplemented with 2 U/ml HRP and 200 mU/ml superoxide dismutase (OXIS International Inc., Beverly Hills, CA, US) and incubated in the dark for 30 min.
Fluorescence was measured in a plate reader at excitation/emission wavelengths EX = 540 nm / EM = 590 nm, respectively. 
Determination of NF-B activation.
The Nuclear factor kappa B (NF- [33] . Aliquots of nuclear extracts with equal amounts of protein (10 µg) were processed M a n u s c r i p t Samples were analysed on a 6% non-denaturating polyacrylamide gel. After electrophoretic transfer to a nylon membrane (Hybond-N+; Amersham Pharmacia Biotech Europe GmbH, Freiburg, Germany), complexes were visualised using a chemiluminescence detection system. In order to ascertain the specificity of the binding reaction, competition assays were performed in the presence of an 100-fold excess (i.e.
3,000 fmol) of unlabelled oligonucleotide.
Western blot analysis
Phosphorylation of p38 MAPK was evaluated by western blot using specific antibodies against phospho p38 MAPK (Thr180/Tyr182) mAb (28B10; Cell Signaling Technology, Beverly, MA, USA), as previously described [26] . Aliquots of supernatant containing cytosolic proteins were loaded onto a 10% polyacrylamide gel and submitted to sodium 
Analysis of results
Data are presented as mean ± SEM. Statistical analysis of results was carried out by analysis of variance (ANOVA) followed by Tukey's Multiple Comparison Test, or t-test, as appropriate (GraphPad Software Inc, San Diego, CA, USA). Significance was accepted when P<0.05.
RESULTS
Effects of viral infection on oxidative cell status
Oxidative stress mediated events are involved in virus infection mechanisms and correlated with mucin and inflammatory mediators release from human epithelial cells.
To explore the implication of ROS production we analyzed both, the intracellular changes in hydroxide peroxide concentration and the thiols levels.
For the intracellular H 2 O 2 studies, cells were grown and after confluence, infected with RSV, influenza A or influenza B in the presence or absence of NAC 10 mM. 48 hours later the cells were lysed and H 2 O 2 concentration was estimated using the Amplex red reactive as described above. As an effect of infection, the intracellular level of hydroxide peroxide significantly increased, compared to mock treated cultures. Induction was M a n u s c r i p t 12 higher in influenza A infected cells (2.76-fold increase) than in RSV (2.28-fold increase) or in influenza B (1.90-fold increase). In the three experimental groups, pre-treatment with NAC 10 mM totally abolished the increase in H 2 O 2 production ( Fig. 1 ).
For the intracellular thiols level estimation after infection, cells were trypsinized, stained with CMFDA and analyzed by flow cytometry. Our results indicate a reduction in the total thiol content after virus infection that was reverted by effect of pre-treatment with NAC 10 mM (Fig. 2 ). (Fig. 3, panels A, B and C, squared bars). For gene expression a similar profile to the one for protein release was observed. One remarkable thing is that baseline levels of messenger RNA for IL6 (not for protein) were found. In RSV infected cells, we found a higher inhibition in protein release of TNFalpha than in gene expression (although inhibition is significantly different than in infected cells).
Effects of viral infection on MUC5AC expression
Effects of viral infection on interleukin release
M a n u s c r i p t 
Effects of NAC on virus replication
To evaluate the effects of NAC on virus replication, A549 cells were grown and after confluence were infected with influenza virus A, B or RSV, as described above in the presence or absence of NAC 10 mM. 48 hours later, supernatants were collected and virus titres were determined as TCID 50 /ml (Fig. 6 ). NAC 10 mM, compared to mocktreated virus control, significantly reduced the virus titre in 10.31%, 12.99% and 30.12% 
DISCUSSION
We have studied the effects of NAC on mucin synthesis, IL8, IL6 and TNF-alpha in a well established in vitro model of virus infection, using three different common respiratory viruses (2 strains of influenza A, and B, and one strain of RSV). Human alveolar type II cell line A549 has been used as host cell.
There are three different types of influenza virus: A, B and C. Type A can infect people, birds, pigs, horses, seals whales and other animals and can cause pandemics. Type B is normally found in humans and unlike type A, it can cause epidemics but not pandemics.
Finally type C can cause mild illness in humans but does not cause epidemics or pandemics. Influenza B is generally considered to be less pathogenic with little impact on morbidity and mortality than influenza A [34] . However, it can cause severe pneumonia and septic shock in healthy people [35] . This is the reason why we have decided to include it in this study. No significant differences in A549 cell response to strain A or B have been found. This suggest that differences between morbidity of the two strains, at least at the epithelial level, are due to differences in infectivity capability of virus better than to the responsiveness of airway epithelia to infection. We have also included one strain of RSV because it represents the most frequent viral respiratory cause of hospitalization in infants and young children worldwide [36] and because it is strongly related to asthma [36] and COPD exacerbations [37] . We have found no differences either between RSV and influenza infection, which means that MUC5AC overexpression in A549 cells to the two types of viruses is similar.
Data presented here demonstrate that NAC inhibits, in a dose dependent manner, the induction of MUC5AC (RNA and protein) after virus infection. To our knowledge, this is M a n u s c r i p t 16 the first report that demonstrates the inhibition of this mucin for both influenza and RSV in in-vitro models.
Respiratory viruses increase not only the frequency of exacerbations in COPD but also the severity of the airway inflammation, increasing the number of neutrophils in sputum and the levels of IL8 and IL6 [6] . In our model, NAC blocked the induction of both cytokines at the dose of 10 mM at the expression and at the release level. These results are in line with those recently published by Geiler et al. [20] in an in vitro model of influenza A infection in A549. Similar effects of NAC for IL8 release in A549 after RSV infection have been reported [16] . To our knowledge, this is the first report of this effect of NAC for influenza virus strain B. Respiratory viruses, including influenza and RSV, induce apoptosis in epithelial cells through mechanisms involving TNF-alpha [38, 39] .
We observed a strong induction of TNF-alpha expression and release after virus infection that was significant inhibited in NAC 10 mM pre-treated cultures, in line with previously reported results [16, 20] .
Oxidative stress contributes to the pathogenesis of COPD [11] and it is very important for respiratory virus infection to the host cells. There are studies that demonstrate that oxidative stress increases the susceptibility to viral infection for RSV and influenza viruses [19, 40] . Our data indicate that after virus infection there is an increase of intracellular levels of H 2 O 2 and a decrease of intracellular thiols. NAC restores this imbalance decreasing the H 2 O 2 concentration and restoring the thiols levels in our model.
As a consequence, there is a decrease of virus titres and an inhibition of proliferation for the three viruses assayed. This antioxidant effect on the virus replication has been described for other antioxidants like oligonol [41] . In summary, 64% of COPD exacerbations are associated with respiratory viruses infection including RSV and influenza A and B. NAC is a gluthathione precursor that reduces symptoms and exacerbations in COPD patients [42] and its beneficial effects in the treatment of COPD are well established [43] . 
